Background The prognostic significance of the number of retrieved lymph nodes (RLNs) in gastric cancer remains controversial. Therefore, we designed a multicenter collaborative database to investigate the correlation between the number of RLNs and prognosis of patients with advanced gastric cancer after curative resection. Methods We retrospectively analyzed 1103 patients who underwent gastrectomy for stage II/III gastric cancer between 2010 and 2014. Lymph nodes, which were retrieved by surgeons from surgically resected specimens, were validated by pathologists. A target population and the optimal cutoff were determined using receiver operating characteristic (ROC) curve analysis. After propensity score matching of eight variables, including splenectomy and adjuvant chemotherapy, the prognostic significance of RLNs was evaluated. Results According to ROC curve analysis, the optimum cutoff score for predicting postoperative survival was 40. After matching, the backgrounds of patients in the RLN < 40 and RLN ≥ 40 groups (n = 87 each) became well-balanced. The RLN < 40 group experienced significantly shorter relapse-free and overall survival. The prevalence of peritoneal recurrence was significantly increased in the RLN < 40 group. RLN < 40 was an independent prognostic factor in multivariable analysis, although pathological N status was not. A forest plot revealed that the RLN < 40 group was at greater risk of recurrence in most subgroups. Conclusions RLN < 40 was associated with an adverse prognosis of patients with stage III gastric cancer who underwent total gastrectomy.
Introduction
Recent advances in screening systems and endoscopic instruments have enabled the early diagnosis of gastric cancer, and minimally invasive treatment of patients with early gastric cancer achieves an excellent prognosis [1, 2] . Unfortunately, many patients have advanced gastric cancer at the time of diagnosis and die as a result [3] . The best treatment of advanced gastric cancer is radical gastrectomy with systematic lymph node (LN) dissection and adjuvant chemotherapy [4, 5] . Nodal metastasis is an important determinant of recurrence and longterm survival of patients undergoing radical gastrectomy, and management of nodal disease is a key component of ensuring the best survival outcomes [3, 6] .
Although systematic lymphadenectomy is considered a pivotal strategy for macroscopic tumor clearance in advanced gastric cancer, there are certain differences in the numbers of retrieved LNs (RLNs), even if surgery is performed as recommended by the Japanese Gastric Cancer Treatment Guideline [7] [8] [9] . The number of RLNs is influenced by factors such as the extent of lymphadenectomy and gastrectomy, intra-abdominal fat volume, innate number of nodes in each patient, and a surgeon's enthusiasm for harvesting more nodes [10, 11] . In the Japanese Classification of Gastric Carcinoma Carcinoma, 15th Edition [6] and the TNM Classification of Malignant Tumors, 8th Edition [12] (TNM), at least 16 RLNs are recommended for appropriate staging; however, information is not available that indicate prognostic risks if an unsatisfactory number of RLNs are obtained [7, 12] . Numerous studies report that the presence, position, and number of positive LNs serve as significant prognostic factors [13, 14] . However, the number of LNs linked to prognosis is known only for certain gastrointestinal malignancies [9, 15, 16] . Moreover, it is unclear whether variables such as surgical procedure, range of lymphadenectomy, and disease stage influence the ability of the number of RLNs to predict prognosis of patients with resectable but advanced gastric cancer.
The purpose of the present study was to investigate the correlation between the number of RLNs in patients with advanced gastric cancer who underwent curative resection with their postoperative prognosis. To this end, we conducted an analysis of a multicenter collaborative database. Our findings strongly support the conclusion that using an optimum cutoff value for the number of RLNs facilitates the prediction of prognosis of such patients.
Patients and methods

Patient selection
We retrospectively collected the clinical data from nine institutions for 3484 patients who underwent gastrectomy for gastric cancer between January 2010 and December 2014. Before analyzing the data, we classified these patients according to the TNM classification [12] and the Japanese Gastric Cancer Treatment Guideline [7] . We selected 1103 patients for analysis according to the inclusion criteria as follows: no preoperative treatment, R0 gastrectomy with systematic lymphadenectomy performed according to the Japanese Gastric Cancer Treatment Guideline [7] , pathological stage II-III gastric cancer according to the TNM classification [11] , and sufficient data for analysis (Fig. 1a) . We excluded patients with gastric stump cancer, those who underwent extended surgery (e.g. pancreaticoduodenectomy and Appleby's procedure) or gastrectomy without systemic lymphadenectomy, and those with a postoperative follow-up < 3 months. We excluded patients with missing or insufficient data for RLNs, pathological findings, macroscopic tumor size, or preoperative serum tumor markers. This study conformed to the ethical guidelines of the World Medical Association Declaration of Helsinki-Ethical Principles for Medical Research Involving Human Subjects. Written informed consent for surgery and use of clinical data was obtained from patients as required by the Institutional Review Board of each participating institution. We applied opt-out recruitment according to the policy of the Japanese government because we conducted clinical research using the only retrospective clinical data without intervention. The purpose, design, and objectives of the study were posted on our homepage (https ://www.med.nagoy a-u.ac.jp/medic al_J/ ethic s/rinsy oukan satsu .html) to provide an opportunity for patients to decline to contribute to our study.
Patient management
Patients underwent gastrectomy with systematic lymphadenectomy (D1+ for clinical T1N0 patients and D2 for the others) according to the Japanese Gastric Cancer Treatment Guideline [7] . The reconstruction method was selected at the surgeon's discretion. The indication for splenectomy was determined by the attending physicians according to tumor location and suspicion of nodal metastasis around the splenic hilum. Patients received postoperative follow-up that included physical examinations and the laboratory tests as follows: serum tumor markers 1 month after surgery and every 3 months thereafter, and enhanced computed tomography (chest and abdominal cavity) once every 6 months for 5 years or until recurrence, according to the Japanese Gastric Cancer Treatment Guideline [7] . Further, patients underwent enhanced computed tomography if their symptoms and blood tests indicated a recurrence. 12 months of S-1 (an oral fluoropyrimidine derivative) or 6 months of capecitabine plus oxaliplatin was recommended to all patients as postoperative adjuvant treatment unless contraindicated by the patient's condition or refusal [17] . Treatment after recurrence was determined according to the evidence available at the time of treatment and the patient's condition and consent.
Quality of surgery
To ensure the quality of gastrectomy and systemic lymphadenectomy, the institutes we selected institutions performed > 50 gastrectomies for gastric cancer annually in accordance with the Japanese Gastric Cancer Treatment Guideline [6] . Surgeons with board certifications from the Japanese Society of Gastroenterological Surgery performed or supervised all surgeries. A central review was not performed.
Retrieval of LNs
The extent of LN dissection was based on the Japanese Gastric Cancer Treatment Guideline [7] . After removal of the stomach and surrounding tissues, surgeons retrieved as many LNs as possible from the resected specimen, and pathologists counted the RLNs and validated their characteristics [18] .
Correlations between the number of RLNs and prognosis
We determined a target population and the optimal cutoff value of RLNs to predict 2-year survival after surgery using receiver operating characteristic (ROC) curve analysis, according to the type of gastrectomy (total or partial) and pathological disease stage (II or III).
Propensity score matching
We employed propensity score matching to strictly balance the significant variables used in the analyses that follow. Propensity scores were estimated using a logistic regression model according to age, sex, preoperative body mass index, splenectomy, open or laparoscopic surgery, macroscopic tumor size, estimated intraoperative blood loss, and adjuvant chemotherapy. One-to-one matching without replacement was performed using a 0.1 caliper width, and the resulting score-matched pairs were used in subsequent analyses.
Statistical analysis
The primary endpoint of this study was to evaluate the prognostic significance of the number of RLNs in patients who underwent curative resection to treat advanced gastric cancer. The secondary endpoints included the identification of a target population (type of gastrectomy and disease stage), determining an optimal cutoff value of the number of RLNs to predict prognosis, and subgroup analyses. Qualitative variables were compared between the two patient groups using the χ 2 test, and quantitative variables were compared using the Mann-Whitney test. Survival rates were estimated using the Kaplan-Meier method. Patients who died from causes other than gastric cancer were censored in the survival analyses. The Cox proportional hazards model and multivariable analysis were used to evaluate the hazard ratio relative to each variable. Statistical analyses were performed using SAS version 9.4 and JMP version 10 (SAS Institute, Cary, NC). P < 0.05 was considered statistically significant.
Results
Selection of a patient group with the largest prognostic association with the number of RLNs
The characteristics of 1103 patients with stage II/III gastric cancer are shown in Supplemental Table 1 . Total gastrectomy was administered to 418 patients (38%) (mean RLNs = 37.7). Patients were pathologically diagnosed as stages IB (n = 60), IIA (n = 263), IIB (n = 243), IIIA (n = 325), IIIB (n = 193), and IIIC (n = 79). The median follow-up was 42.4 months.
ROC analysis of patients who underwent total gastrectomy for stage III gastric cancer revealed that the number of RLNs had the largest influence on prognosis 2 years after surgery (Supplemental Fig. 1 ). Accordingly, we further analyzed the stage III-total gastrectomy group (n = 265). The optimum discriminative cutoff for the number of RLNs was set to 40. Using this cutoff, we classified 265 patients into the RLN < 40 (n = 115) and RLN ≥ 40 (n = 150) groups. Before propensity score matching, the RLN < 40 group had a significantly greater proportion of elderly patients, higher prevalence of cardiovascular comorbidities, and splenectomies (Table 1) . Further, more pN3 patients were included in the RLN ≥ 40 group. Propensity score matching was performed to minimize selection bias, and the clinicopathological characteristics of the two groups (n = 87, each) became well-balanced as demonstrated by reduced standardized differences (Table 1 ). The median follow-up periods were 37.3 months and 46.3 months for the RLN < 40 and RLN ≥ 40 groups, respectively.
Treatment profile of the matched cohort
S-1 monotherapy was administered to 125 patients who underwent postoperative adjuvant chemotherapy because such chemotherapy was the standard treatment for patients with pathological Stage III during the study period (2010-2014). All participating institutes employed the same strategy. S-1 monotherapy was administered to 115 (92%) patients. In clinical trials of postoperative adjuvant chemotherapy, 5 (4%) patients received S-1 plus docetaxel and 5 (4%) patients received S-1 plus cisplatin. There was no significant difference in the proportion of doublet chemotherapies between the RLN < 40 and RLN ≥ 40 groups (8.1% and 3.5%, respectively, P = 0.1870).
Prognostic significance of the number of RLNs
The RLN ≥ 40 group experienced significantly longer relapse-free survival (hazard ratio [HR] 2.35, 95% confidence interval [CI] 1.51-3.72, P = 0.0001) (Fig. 2a) . Moreover, patients in the RLN ≥ 40 group were more likely to experience longer overall survival (HR 2.11, 95% CI 1.24-3.71, P = 0.0057) (Fig. 2b) . We detected a greater tendency in the RLN < 40 group for the increased prevalence of peritoneal dissemination, nodal recurrence, and hematogenous recurrence. Notably, the recurrence rate of peritoneal dissemination was significantly increased in the RLN < 40 group (Fig. 2c) . In multivariate analysis, the RLN < 40 group had the second-highest HR for candidate risk factors (HR 2.43; 95% CI 1.54-3.94, P = 0.0001) ( Table 2 ). Further, we identified pathological lymph node metastasis (pN3) and administration of adjuvant chemotherapy as independent prognostic factors. Interestingly, macroscopic tumor size, pathological T factor, and splenectomy were not significant independent prognostic factors.
Subgroup analyses
We performed subgroup analyses to further investigate the clinical significance of RLNs. A forest plot revealed that the RLN < 40 group was at greater risk of disease recurrence in most subgroups (Fig. 3) . We then focused on splenectomy, nodal status, and administration of postoperative adjuvant chemotherapy. The 3-year relapse-free survival rates with or without splenectomy were 71.8% and 61.4% for patients with RLN ≥ 40 and 38.7% and 32.2% for those with RLN < 40, respectively. There were no statistically significant differences in relapse-free survival within the same RLN group, independent of splenectomy (Fig. 4a) . The associations of RLNs on relapse-free survival were similar for both subgroups, independent of splenectomy (Supplemental Fig. 2) .
When patients were stratified into pN0-2 (n = 99) and pN3 (n = 75) subgroups, the RLN > 40 and RLN ≥ 40 groups experienced significantly longer relapse-free survival, with hazard ratios of 2.92 (95% CI 1.41-6.65) in the pN0-2 subgroup and 2.46 (95% CI 1.39-4.44) in the pN3 subgroup (Supplemental Fig. 3) . The 3-year relapse-free survival rates were 72.3% and 54.3% for the RLN ≥ 40 subgroup with and without adjuvant chemotherapy, respectively, and 39.2% and 26.5% for patients in the RLN < 40 with and without adjuvant chemotherapy, respectively (Fig. 4b) . Compared with the difference in survival of patients who underwent surgery alone, the extension of relapse-free survival in the RLN ≥ 40 group was longer compared with those who underwent adjuvant chemotherapy (Supplemental Fig. 4) .
Discussion
In the present study, we initially explored the setting in which the RLNs most strongly influenced prognosis. For this purpose, we employed a multicenter collaborative database to select patients with stage III gastric cancer who underwent total gastrectomy. Stage III gastric cancer is a devastating disease with a poor prognosis, and thus urgently requires the development of better therapeutic strategies and the identification of prognostic factors. Here, when we employed propensity score matching to minimize selection bias before conducting multivariable analysis, we found that the number of RLNs served an independent prognostic factor. The number of RNLs serves as a prognostic factor for gastric cancer as well as for postoperative survival from certain cancers [9, 15, 19, 20] . For example, for colorectal cancer, > 12 RLNs are recommended; and in the absence of ≥ 12 evaluated nodes, patients should be treated with adjuvant chemotherapy [16] . Moreover, an increase in the number of RLNs is associated with longer survival of patients with node-positive cervical cancer [15] . In 1997, the staging criteria for gastric cancer published by the American Joint Committee on Cancer (AJCC) and the International Union Against Cancer (UICC) were revised to accommodate an N category assignment, which now reflects the total number of positive LNs, ranging from ≥ 0-15 [21] . The utility of the prognostic significance of these criteria is validated by several large clinical series [22] . However, it is not established that the optimal number of LNs to be removed and examined achieves optimum reliability in assigning disease stage. Nevertheless, surgeons in countries of the Far East have long recognized the survival benefit of D2 lymphadenectomy, although the concept is not readily accepted in other countries [3, 23] . The Dutch D1D2 trial [1] represents the turning point in establishing the optimal extent of lymphadenectomy for gastric cancer. This trial, which analyzed > 15 years of results, demonstrates that there are fewer locoregional recurrences of gastric cancer and better long-term survival benefits to patients with D2 lymphadenectomy compared with those with D1 lymphadenectomy. These findings inspired a re-evaluation of the therapeutic value of D2 lymphadenectomy in Western countries [24] . Therefore, the clinical significance of the number of RLNs associated with the extent of lymphadenectomy may be illuminating.
Zhao et al. [18] , who analyzed 2246 patients who underwent curative gastrectomy for advanced gastric cancer at a single center, recommend harvesting of ≥ 25 RLNs. In contrast, the AJCC recommendation (≥ 15 RLNs) is insufficient for determining the N stage [19] . Zhao et al. [18] argue that more RLNs will be required for total gastrectomy cases [19] . Woo et al. [23] used the Surveillance, Epidemiology, and End Results (SEER) program's database and the Korean database to an analysis of 25,289 patients with gastric cancer [23] . This analysis demonstrates that the maximum survival advantage was achieved by performing a lymphadenectomy with a minimum of 29 RLNs [25] . However, these studies are limited by the inconsistent content of the data that include mixed types of gastrectomy, varying extents of lymphadenectomies, and broad disease stages, which likely lead to potential selection bias. Moreover, their consideration of splenectomy and adjuvant treatment is insufficient. In our present study, we minimized selection bias by designing a collaborative database generated from the records of multiple institutions, which included patients who underwent gastrectomy between 2010 and 2014. To avoid potential problems caused by the long accumulation period, we employed propensity score matching. Moreover, the results of ROC analysis led us to focus on patients with stage III gastric cancer.
As we predicted, there were differences in variables such as age and frequency of splenectomy before matching. The patients' backgrounds were well-balanced by the propensity scores calculated for the eight variables listed in the Methods section. Thus, dissection of lymph nodes at the splenic hilum should be comparable between the two groups, because splenectomy was one of the variables used to estimate propensity scores. Moreover, no significant differences in the dissection area (D1 + or D2) were apparent between the two groups after matching.
The number of RNLs is influenced by the extent of lymphadenectomy, the surgeon's enthusiasm to pathologically examine more LNs, the surgeon's skill, surgical considerations (such as fat volume), and the innate number of LNs in each patient [9] [10] [11] 18] . Depending on the surgeon's skill, LNs may not be completely excised, may be destroyed, or both, which may affect the number of RLNs. Further, the number of RLNs reflects the appropriate resection and treatment of specimens. We suggest, therefore, that the N factor is significantly influenced by a human intervention factor that must represent an important limitation of the presents study as well as a limitation of using the TNM classification system. Another argument states that the number of RLNs reflects the actual number of LNs removed surgically as well as the number of LNs identified and properly examined during macroscopic and microscopic pathological analyses [15, 19, 26, 27] . In certain high-volume centers, LNs are retrieved by pathologists who are less familiar with anatomic locations of perigastric LNs [9, 10] . However, the surgeons who participated in the present study are sufficiently familiar with surgical procedures and the anatomy of RLNs, although individual differences among RLNs exist.
We show here that there were significant associations between the number of RLNs and outcomes of patients with stage III gastric cancer after gastrectomy with systemic lymphadenectomy. Stage migration is inapplicable to the present study because we focused on patients pathologically diagnosed with stage III disease. Further, the possibility of inadequate lymphatic dissection because of the large amount of visceral fat is inapplicable to our study, because sex and body mass indices were adjusted using propensity score matching.
To support our conclusions, we offer several explanations. First, fewer RLNs may simply indicate the existence of unretrieved LNs, and more RLNs may indicate highquality surgery. Second, very small (micro) LNs may have been overlooked and not retrieved from some patients. Distant metastasis (M1 status) may be underestimated if there was metastasis in those micro LNs beyond the area of the D2 lymphadenectomy. Third, RLNs reflect the number of LNs identified and properly examined during macroscopic and microscopic pathologic analyses; therefore, RLNs are a surrogate for particularly functional, favorable practice patterns, which may extend to better follow-up care [8, 18, 19] . Fourth, there is a possibility that individual differences in the number of LNs are related to prognosis. Fifth, large amounts of perigastric lymphoid tissue may be linked to increased barriers to defense against metastasis and robust tumor immunity [15, 16] . We believe that our findings of a relative and significant increase in the prevalence of nodal occurrence in the RLN < 40 group are not surprising. However, we were interested to find that the prevalence of peritoneal recurrence was significantly greater in the RLN < 40 group. One explanation is that a smaller number of RLNs reflects the destruction of LNs during surgery, causing the dissemination of cancer cells into the peritoneal cavity. Moreover, if the number of RLNs reflects a surgeon's skill, inappropriate treatment of serosa-invading gastric cancer during surgery may disseminate cancer cells from the primary tumors.
Convincing evidence indicates that adjuvant chemotherapy contributes to prolonged survival after surgery for stage III gastric cancer [4, 28] . In the present study, we found that the 5-year relapse-free survival rate was > 70%, even in patients with stage III gastric cancer, if the number of RLNs was ≥ 40 and adjuvant chemotherapy was administered. In contrast, the RLN < 40 group had a poor prognosis regardless of postoperative adjuvant chemotherapy, indicating that a small number of RLNs was a disadvantage because it was not compensated by adjuvant treatment. Splenectomy typically achieves increased numbers of RLNs. However, our results do not indicate that splenectomy compensated for the adverse effect of fewer RLNs on prognosis.
To translate our findings to clinical practice, our data should encourage surgeons to perform appropriate lymphadenectomies, aiming to achieve RLNs ≥ 40 without destruction of LNs. Moreover, the number of RLNs is a useful predictive marker for risk stratification [18] [19] [20] . For patients with RLNs < 40, careful and intensive follow-up should be performed, because they are at high risk of disease recurrence. The UICC guidelines recommend radiotherapy and chemotherapy to prevent recurrence in patients with > 16 harvested LNs [11] . Postoperative adjuvant chemoradiation therapy may, therefore, serve as a preferred option to control locoregional recurrence and suitable for evaluating patients with RLNs < 40 after total gastrectomy, though this is not been proven to confer a survival benefit upon patients from Asian countries [28] [29] [30] .
Our study has several limitations. First, this was a retrospective study, and the AUC value (0.6035) was relatively low to achieve the optimum initial selection of the target population. Second, we analyzed data only for Japanese patients. Third, the quality of the RLNs harvested at each institution may have differed, because the surgical procedure was not completely described in patients' records. Fourth, little information was available on LN dissection at the splenic hilum without splenectomy. Fifth, because S-1 monotherapy was administered to most patients, it was difficult to evaluate the correlations between the number of RLNs and doublet chemotherapy (e.g. capecitabine plus oxaliplatin).
Conclusion
In summary, our results indicate that the number of RLNs served as an independent prognostic factor after total gastrectomy administered to patients with stage III gastric cancer. Efforts should, therefore, be made to acquire ≥ 40 RLNs, and intensive disease management is advisable for patients with RLNs < 40.
